Tragopogon graminifolius DC., family Compositae, is widely consumed as a green vegetable in the west of Iran and for the treatment of gastrointestinal and hepatic ailments. In this study, the chemical composition of the essential oil from T. graminifolius aerial parts was evaluated by gas chromatography and gas chromatography mass spectrometry. Moreover, antioxidant and antimicrobial activity of the essential oil and various extracts of T. graminifolius were determined. Fifty-eight compounds representing 87.2% of the essential oil were identified. The main components were n-hexadecanoic acid (22.0%), βcaryophyllene (7.5%), heneicosane (6.6%), and nonanal (5.2%). The essential oil demonstrated the highest DPPH radical scavenging activity (56.6 ± 8.8ug/mL) and the 80% ethanolic extract the highest ferric reducing antioxidant activity (908.2±79.5 mmol Fe 2+ ion/g extract). The total phenolic content of the 80% ethanolic extract from the aerial parts was the highest (560.7±18.8 mg/g gallic acid equivalent). In the antimicrobial test, Shigella dysenteriae was the most vulnerable microorganism, followed by Proteus vulgaris, and the essential oil exhibited the highest antibacterial activity among the samples. The results indicated that the essential oil and extracts of T. graminifolius could be consumed as a natural herbal preservative or complementary supplement in the food and pharmaceutical industries.
In recent years, the use of herbal components as food supplements, preservatives and flavourings has risen considerably. Among the wide variety of plants and their constituents, those with a long history of consumption in food and medicine via traditional medicine possess great importance for analytical and biological studies [1, 2] .
Tragopogon graminifolius DC., family Compositae, is a perennial plant [3] . Different species of Tragopogon are used for their anticough, astringent, skin repairing, and vulnerary properties, and have beneficial effects in gastrointestinal disorders [4, 5] . T. graminifolius aerial and root parts have been used in traditional Iranian medicine for their astringent, antiseptic, anti-inflammatory, poison elimination, anti-hemorrhagic, and wound healing activities, as well as a liver and stomach tonic, and for use in the treatment of gastrointestinal ulcers, liver disorders, haemorrhage, pulmonary infections, and wounds [6] [7] [8] . The plant is widely consumed in the west of Iran as a green vegetable in food and salads and also for medicinal purposes.
To the best of our knowledge there is no published research on the chemical constituents and biological activities of T. graminifolius. Therefore, this study was conducted to evaluate the chemical composition, and antioxidant and antibacterial activity of the essential oil from the aerial parts of T. graminifolius and compare it with different extracts of the aerial and root parts.
Fifty-eight constituents were identified in T. graminifolius essential oil representing 87.2% of the total oil ( 1102  1156  1175  1193  1203  1217  1253  1317  1366  1375  1382  1391  1398  1402  1407  1420  1450  1453  1455  1484  1491  1498  1508  1563  1587  1598  1610  1696  1712  1768  1798  1816  1844  1878  1898  1923  1985  1998  2055  2101  2114  2137  2145  2166  2193  2298  2397 2498 2531 The major components of the essential oil of T. oligolepis n-hexanic extract determined by GC and GC-MS were caryophyllene oxide(18.5%), β-caryophyllene (16.3%), δ-cadinene (10.8%), manool (8.6%) and α-cadinene (4.8%) [10] .
The total phenolic content of the aerial and root extracts of T. graminifolius were determined using the Folin-Ciocalteu method. Of all the extracts, the total content of the extract of the aerial parts (560.7±18.8mg/g gallic acid equivalents) was the highest. Phenolic compounds such as apigenin, luteolin, quercetin, vitexin, isovitexin, vicenin-1 and 2, swertisin, orientin, isoorientin, lucenin-1 and 2, ferulic acid, caffeic acid, rutin and gallic acid are the main components of the Tragopogon genus [11] [12] [13] .
DPPH radical scavenging activity was evaluated for estimation of antioxidant capacity, which is expressed as IC 50 values. The IC 50 of BHA was 7.9±0.1 µg/mL. The highest radical scavenging activity was found for the essential oil (56.6±8.8 µg/mL). The activity of the aerial parts (96.8±10.4 µg/mL) was greater than that of the root (199.9±15.3 µg/mL), which correlates with the phenolic content of the extracts. Phenolic components have an important role in the radical scavenging activity of plants [14] .
The antioxidant activity of T. graminifolius estimated by the FRAP method ranged between 504.5±44.2 and 908.2±79.5 mmol of Fe 2+ ion per g of sample. The ethanolic extract of the aerial part had statistically the highest antioxidant activity. The ferric reducing antioxidant activity was related to the phenolic content of the extracts, indicating that the phenolic compounds are partly responsible for this antioxidant property. Other antioxidant agents, including β-carotene, vitamins C, K and E, have been recognized in T. sinuatus [15] . The essential oil obtained from T. graminifolius revealed the highest antibacterial activity among the samples. The essential oil demonstrated antibacterial activity against S. aureus, P. vulgaris, K. pneumonia and S. dysenteriae, with the highest activity against S. dysenteriae, with an inhibition zone and minimal inhibition concentration (MIC) of 11 mm and 2.5 mg/mL, respectively. Boiled water extract of T. graminifolius aerial parts demonstrated antimicrobial activity against P. vulgaris and S. dysenteriae. The root ethanolic extract showed antibacterial activity only against S. dysenteriae, and the aerial ethanolic extract did not exhibit activity against any of the tested species. In general, S. dysenteriae was the most sensitive bacterial species, followed by P. vulgaris. These results are in accord with the previous screening of antimicrobial activity of T. graminifolius. The methanol extract of T. graminifolius whole plant did not exhibit any antimicrobial activity against E. coli, K. pneumoniae, S. typhi, P. aeruginosa, B. subtilis, M. morganii, S. aureus and C. albicans [16] . The n-hexane extract of T. oligolepis demonstrated antimicrobial activity against Enterobacter aerogenes, P. aeruginosa and E. coli, which can be related to its most abundant compounds, caryophyllene oxide and βcaryophyllene [10] . Furthermore, antibacterial activity of caryophyllene oxide has been demonstrated [17] . Fatty acids, which are the major constituents of T. graminifolius essential oil, possess antibacterial activity. The activity of palmitic acid, the major component of T. graminifolius, against Gram-negative bacteria has been proven [18] .
This is the first report on the chemical composition of the essential oils, phenolic content, and antioxidant and antimicrobial activities of T. graminifolius. Owing to the strong antioxidant activity
Tragopogon graminifolius essential oil Natural Product Communications Vol. 9 (1) 2014 123 exhibited in our investigation, the essential oil and aerial and root extracts of T. graminifolius could be considered as a natural herbal source which could be consumed in the food and pharmaceutical industries as a preservative and complementary supplement. However, further studies are necessary to determine the chemical constituents of T. graminifolius and to perfect the mechanisms of their protective and antioxidant functions. 
Preparation of ethanolic extracts:
Powdered aerial parts (80 g) and roots (30 g) were separately extracted 3 times with 80% ethanol. Their extracts were filtered and evaporated under reduced pressure.
Preparation of boiled water extract:
Powdered aerial parts of T. graminifolius (100 g) were extracted with boiled water for 2 h, the extract filtered and evaporated under reduced pressure.
Isolation of essential oil:
Essential oil was obtained according to methods described previously [19] . Briefly, powdered aerial parts were subjected to hydrodistillation using a Clevenger apparatus for 5 h. The obtained essential oils were dried using anhydrous sodium sulphate and stored at low temperature (+4 •C) in amber vials for analysis.
Gas chromatography-mass spectrometry:
The essential oil was analysed using a Younglin Acm6000 GC with HP-5MS column (30 m × 0.25 mm, ft 0.25 µm); carrier gas, He; split ratio, 1:25 and using a flame ionization detector. GC-MS was performed on a HP 6890 with a HP 5973 quadrupole detector, on a capillary column HP-5MS; carrier gas, He; flow rate, 0.8 mL/min and column temperature,50°C-240°C (3°C min -1 ). The MS was operated at 70 eV ionization energy. Retention indices were calculated using retention times of n-alkanes. The essential oil components were identified based on the NIST and Wiley mass spectral library [20] .
Total phenolic content assay: The total phenolic content was measured with Folin-Ciocalteu reagent according to Khanavi et al [14] .Gallic acid was used to set up the standard curve. The phenolic content of the samples was expressed as mg gallic acid equivalents (GAE) per g of sample.
DPPH radical scavenging assay: The 1,1-diphenyl-2picrylhydrazyl (DPPH) radical scavenging assay was performed according to Hatano et al. , with slight modification [21] . Briefly, 2 mL of DPPH radical solution (0.2 mM) in ethanol was added to 1 mL of each sample of essential oil and extract at different concentrations, as well as 1 mL of ethanol as a blank solution, Then, mixtures were shaken and held for 30 min at room temperature. Absorbance was measured at 517 nm using a spectrophotometer (UV/VIS spectrophotometer, Optizen 2120UV PLUS, Mecosys, Korea). BHA was used as standard antioxidant. Inhibition percentage of DPPH was calculated by the following formula:
Percentage of Inhibition × 100
The concentration of sample that scavenges 50% of DPPH radicals (IC 50 ) was estimated by plotting percentages of inhibition against concentrations of samples.
Ferric reducing antioxidant power assay:
Total antioxidant reducing power was evaluated using ferric reducing antioxidant power (FRAP), as described previously [22] , with slight modification. Briefly, FRAP reagent was prepared by combining 2,4,6-tripyridyl-s-triazine (TPTZ)10 mM with ferric chloride hexahydrate 20 mM in sodium acetate 300 mM (pH 3.6). The sample (0.5 mL) was mixed with FRAP (2.5 mL), held for 10 min at room temperature and the absorbance determined at 593 nm using a spectrophotometer. Ferrous sulphate (1 mM) was used as standard solution, which reacted with TPTZ reagent and the absorbance was plotted against various ferrous ion concentrations. 
Disc diffusion assay:
The plant extracts and essential oil were dissolved in dimethylsulfoxide (DMSO) to a final concentration of 50 mg/mL. Bacterial and yeast suspensions with a turbidity of 0.5 MacFarland standard (1.5×10 8 cell /mL) were prepared in normal saline. Sterile blank disks were deposited on the surface of inoculated plates. The discs (6 mm in diameter), impregnated with 10 µL of the samples, were put on the inoculated agar. Plates were incubated at 37°C and examined after 24 h for recording the inhibition zone diameters. Gentamicin (10 µg/disc) was used as a positive control for antimicrobial activity [23] .
Micro-well dilution assay:
Micro-well dilution assay was conducted for the measurement of plant minimal inhibition concentration (MIC) using the CLSI method [23] . Bacterial suspensions were prepared and their turbidity was adjusted to 0.5 on the McFarland standard. Volumes of 5 µL of bacteria and yeast suspensions and 45 µL of BHI broth and YGC broth were dispensed into 96-well plates. A 50 µL volume of two-fold dilutions (10, 5, 2.5 and 1.25 mg/mL) of T. graminifolius essential oil and extracts in 10% DMSO was added to 4 wells, reaching the final volume of 100 µL. Blanks contained 50 µL of BHI broth and 50 µL of different dilutions of plant extract. Control wells contained 5 µL of each bacterial suspension and 95 µL of BHI broth. An ELISA reader was used for determination of absorption values at 550 nm.
Statistical analysis:
Results were expressed as the mean ± standard deviation. All tests were performed in triplicate.
